Supplementary Information
Assignment of Reaction Reversibilities. For the definition of reaction reversibilities, we integrated consensus information obtained from the BRENDA enzyme information database (Scheer et al, 2011) with published reaction directions assigned to the metabolic network of E. coli (Fleming et al, 2009 ) and the metabolic map of M.
pneumoniae (Yus et al, 2009 ) thus covering 65.1% of all model reactions (table S2) .
In case of contradicting information and no proven need for reversibility, reactions were set irreversible (accounts for 8.5% of all reactions, among them all tRNAbiosynthesis reactions as well as six lipid metabolism reactions). Note that the lipid metabolism is the least studied part of the metabolic network of M. pneumoniae and that a final assignment of reversibilities would need an extensive biochemical characterization of the enzymes involved. The reversibility of the NADH oxidase reaction (M017) has been changed along with the functional re-annotation of the NADH oxidase (MPN394, see below). Transport reactions were included in the network as required for producing all network components and account for 12.7% of all reactions. Model-specific reactions, such as protein and biomass synthesis reactions or exchange reactions, i.e. reactions to simulate the metabolite exchange with the environment, account for the missing 21.8% of the reactions and were included in the model as required to reproduce experimental findings.
Assessment of iJW145_reconstruct. By individually maximizing the production of each component of the metabolic network of M. pneumoniae, we tested the initial reconstruction for completeness and correct connectivity. Despite some transport reactions and the source/sink reactions (model specific reactions to exchange components with the environment) no further reactions had to be added to the network, i.e. it was possible to synthesize all metabolic intermediates if respective precursors could be taken up in silico.
In Vivo Assessment of Fatty Acid Profiles in M. pneumoniae. The exact lipid composition of M. pneumoniae is not known and has been shown to vary depending on the fatty acids provided with the medium (McElhaney & Tourtellotte, 1969; Pollack et al, 1970; Rottem, 1980) . To at least estimate the lipid composition, we determined the composition of fatty acids incorporated into lipids of the cytoplasmic membrane and quantified the fatty acid spectrum present in both the M. pneumoniae cytosol and the surrounding growth medium ( figure S3A ). 80% of all fatty acids measured from the growth medium contain C 18 chains. In contrast, for both the cytosolic and the cell membrane profiles, fatty acids with C 16 chain length are the most prominent species (41% and 49% of all fatty acids, respectively) ( figure S3A ).
In general, cytosolic and membrane fatty acid profiles are similar, suggesting regulated import of fatty acids but unregulated usage of available membrane building blocks. This finding is in agreement with results showing that the membrane composition of Mycoplasma highly depends on fatty acid availability (Rottem, 1980; Pollack et al, 1970a; McElhaney & Tourtellotte, 1969) .
A comparison of fatty acid profiles before and after batch culture growth showed no significant depletion in the growth medium, hence the availability of fatty acids from the medium is not growth limiting ( figure S3B ). We detected minor rearrangements of the cytoplasmic fatty acid profile in samples taken at regular intervals during batch culture growth ( figure S3A ). At early growth stages longer chain fatty acids are more commonly found in the M. pneumoniae cytosol than towards the end of the growth course (17% and 3.5%, respectively, figure S3A ).
Interestingly, intracellular and membrane incorporated fatty acids are specifically enriched in saturated fatty acids. While 59% of the growth medium fatty acids are singly or multiply unsaturated, the membrane and the cytosol only contain 29% and 30% unsaturated fatty acids, respectively. We reason that the cellular preference for saturated fatty acids aids membrane stability and integrity, since unsaturated (cis) fatty acids incorporated into lipids of the cell membrane disrupt its structure. Cell membrane stability is of particular importance for M. pneumoniae, as they lack a protective cell wall.
Definition of the average M. pneumoniae Biomass Composition. The biomass contains all macromolecules necessary to build up an entire cell in their respective quantities and a biomass function is the basis for in silico growth simulations. In case of M. pneumoniae the biomass composition differs significantly from that of other bacteria due to the reduced metabolism and the lack of a cell wall. We determined the major building blocks of an M. pneumoniae cell quantitatively based on sequence Wodke et al.
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Modeling of Mycoplasma pneumoniae 5 information (DNA, RNA, proteome) and on GC-MS data (proteome (Maier et al, 2011) , bases, amino acids (unpublished data), fatty acids ( figure S3 ). Cofactors, as for example FAD, pyridoxal phosphate, or coenzyme A, were included in the biomass equation in a qualitative manner based on the essentiality of their precursors in defined medium experiments (Yus et al, 2009) or, in case of orthophosphate, based on findings in E. coli (Amin & Peterkofsky, 1995; Neidhardt, 1996) (table 1) . We accomplished a sensitivity analysis to test the impact of the fraction size of protein, RNA, lipids, and cofactors (figure S4) confirming that assumptions for lipids and cofactors do not significantly impinge on the growth rate in M. pneumoniae in silico.
The total list of biomass components and their respective considered quantities are found in the main text, table 1.
Due to technical limitations in static modeling approaches and missing experimental evidence, the following assumptions and technical tricks have been made:
1. DNA and all RNA types have to be synthesized once de novo which is accomplished by building artificial DNA and RNA molecules of 100 bases length each, displaying the natural GC content of the respective molecules.
mRNA turnover is considered by setting a minimal constraint on the degradation reaction (0.0028 mmol*g −1 *h −1 ) reflecting the minimum average mRNA half-life of about 1 minute (Maier et al, 2011) . The sensitivity analysis for the biomass composition showed a major impact of the total amount of RNA on the growth rate, which was mainly attributed to the short half-life used.
However, due to a lack of more exact experimental data, this choice prevents an underestimation of RNA costs. The costs for DNA degradation and repair are included in the maintenance costs and estimated based on literature data (compare main text).
2. Protein production is modeled via building of artificial protein molecules of 345 amino acids length (average protein length according to Yus et al, 2009) reflecting the amino acid composition found in the quantified proteome (Maier et al, 2011 ). An exception is the acyl-carrier-protein (ACP) that is modeled exactly, i.e. sequence-dependent, and also included in the biomass in the quantity it has been detected on the second day of growth (Maier et al, 2011) ) as it plays an important role in CoA metabolism. M. pneumoniae is known to take up peptides using the Opp transporter and amino acids using ABC systems to import and proton symport to export them (Yus et al, 2009 ). Since nothing is known about the specificity and activity of the proteases located on the surface of the M. pneumoniae cells and the up-take of peptides of varying amino acid composition is more complicated to simulate, we decided to consider only ABC transporters as the source of amino acids.
3. Based on the results of the fatty acid analysis and literature data (McElhaney & Tourtellotte, 1969; Pollack et al, 1970; Rottem, 1980) we made the following assumptions for lipids in our model:
Lipids provide 20% of the total cell mass (assumption based on (Razin et al, 1963 pneumoniae contributing about 95% of the total fatty acids encountered ( figure S3 ). In addition, the defined medium designed for M. pneumoniae (Yus et al, 2009 ) only contains fatty acids with 16 and 18 carbon atoms length. Cholesterol, despite having been shown to be essential for M.
pneumoniae growth (Rottem et al, 1971; Johnson & Somerson, 1980 ) and found to be abundant in the cytosol (figure S3), has not been included explicitly, since no information about the specific up-take mechanism could be found.
c. Phosphatidic acid (PAC) and glycolipids provide half of the total lipid mass each.
d. Cardiolipin (CL) was not included in the biomass as the phospholipid branch (conversion of PAC into CL) is not essential in M. genitalium (Glass et al, 2006) and the functionality of this pathway has not been shown for M. pneumoniae. None of the intermediary metabolites nor CL have been detected (unpublished data), as neither have the two proteins assigned to this pathway (Maier et al, 2011) .
e. For glycolipids we assumed the attachment of three galactose and three glucose molecules to each diacylglycerol molecule to account for the diversity of glycolipids. 7 f. The total amount of lipids needed to duplicate one cell was calculated based on the molecular masses of the "average" glycolipid and PAC, respectively.
4. Free amino acids and bases were determined by GC/MS-experiments (unpublished results) and included in respective amounts in the biomass function, accounting in total for about 1.5% of the cell mass.
5.
Orthophosphate has been included based on the concentration measured in E.
coli (Amin & Peterkofsky, 1995; Neidhardt, 1996) .
6. Glucose 6-phosphate (G6P) has been quantitatively included in the biomass as model compound in order to account for all free organic metabolites (carbohydrates). To this end, we calculated the mass sum of all other defined biomass components, subtracted it from the total cell mass, and assigned the missing fraction to G6P (table 1) .
7. 5-formyltetrahydrofolate (5fTHF) was included in the biomass equation for its supposed inhibitory function on serine hydroxymethyltransferase (SHMT, mpn576) (known from plants (Goyer et al, 2005; Kruger et al, 1999) ).
8. The biomass composition reflects the composition of M. pneumoniae cells during the exponential growth phase, not considering significant alterations in their fractions at the beginning (lag phase) and the end (stationary phase) of a four days batch culture growth experiment.
9. Because ToBiN allows only integer values in reactions and the fraction of different compounds in biomass differs by several orders of magnitude, we rescaled the biomass mass units by a factor of 1.000.000 in order to avoid numerical problems of the solver.
Sensitivity Analysis. To further study the impact of the biomass composition on growth and maintenance costs, we accomplished a sensitivity analysis for the qualitatively included cofactors and for the major biomass fractions, namely for proteins, RNA, and lipids (table S4). We found that even a 10fold change of cellular reaction cofactors does not significantly influence doubling time (at no time more figure S4 ). For the major biomass fractions, namely proteins, RNA, and lipids, we varied their proportion of the total cellular mass according to the ranges reported in literature (Razin et al, 1963) in order to make sure that we do not underestimate their production costs ( figure S4 ). We found that RNA has the largest effect on growth rate and energy metabolism, altering the doubling time by at least 10 hours ( figure S4 ). This on first sight surprisingly high impact of the RNA fraction size (varied from 6.5 to 10% of the total cell mass) on the doubling time can be explained by the slow growth of M. pneumoniae. Taking into account that the maintenance energy was fitted to match the in vivo doubling times and the rapid mRNA turnover, the influence of the RNA fraction increases along with an increasing doubling time, even preventing growth at 60 hours after inoculation if other maintenance costs are not overestimated in the model ( figure S4 ). Decreasing the protein fraction from 62 to 54% results in a few hours faster doubling times while the lipid fraction size is found to be not growth limiting ( figure S4 ), which is further supported by the analysis of the fatty acid spectrum in the growth medium before and after four days of batch culture growth ( figure S2C ). Decreasing the lipid fraction from 20 to 12% does not have a significant effect on doubling time and energy metabolism ( figure S4 ).
Definition of Flux Constraints.
To allow the correct reproduction of experimental findings, several constraints have to be imposed on the metabolic reconstruction (table S5) . Those constraints can define either nutrient availability or specific cellular functions the model has to account for, amongst them the spontaneous generation of (toxic) metabolic compounds or the maintenance and turnover of cellular macromolecules. To simulate batch culture growth of M. pneumoniae, we applied nonlinear fitting of sigmoidal curves to metabolite (glucose, lactic acid, acetic acid) and protein quantification data ( figure S5 ). Based on those functions we calculated the ratio of lactic acid to acidic acid and, subsequently, constraints for glucose up-take and acetic acid production. For the glucose constraint we converted the number of maximum constraint for acetic acid production to the ratio of fitted lactic and fitted acidic acid (figure S5E).
Glycerol and glycerol 3-phosphate (G3P) were limited to 2.5% of the respective glucose constraint based on the defined medium composition from (Yus et al, 2009 ).
Ribose was limited to 2.5% of the respective glucose constraint, too, in order to account for ribosylated bases in rich medium. All other sugar sources were set to 0 since it is known that bacteria generally use up one sugar source before switching to another (Monod, 1966) and proteins involved in up-take and processing of alternative sugars have been shown to be low abundant or not detectable (Maier et al, 2011) .
Arginine availability was arbitrarily constrained to 0.25 mmol*g -1 *h -1 in order to prevent unlimited energy production from arginine and reflect the low copy numbers of involved proteins (Maier et al, 2011) . mRNA and protein turnover have been accounted for by minimum constraints on the respective degradation reactions based on experimentally determined mRNA and protein half-lives (Maier et al, 2011) . To represent known detoxification events, minimum constraints were set on dihydroxyacetone production (spontaneous) and 5-formyl tetrahydrofolate (regulatory function). Based on the facts that the conversion of DHAP into G3P is very slow (figure 2A) and that glycerol is essential for growth in defined medium (Yus et al, 2009 ) we constrained the conversion of DHAP into G3P arbitrarily to 0.25 mmol*g −1 *h −1 to allow reproduction of the experimental data by the model. The
ATPase reaction and two reactions describing the activity of the chaperones For the simulation of growth on alternative sugars, glucose has been limited to 0 and the respective alternative sugar source was limited to provide the same amount of carbon as when using the constraint for glucose for 36 hours of batch culture growth. 10
Finally, we used the total protein measured for M. pneumoniae cell cultures in vivo in order to constrain the objective value thus allowing the reproduction of the experimentally determined doubling times.
Network Refinement.
We simulated M. pneumoniae growth under defined medium conditions and analyzed the resulting flux distributions. We found that in general the reaction activity did not contradict the expression profiles for metabolic genes, i.e. highly active reactions are associated with highly expressed genes and reactions with low or no activity are mainly catalyzed by proteins translated from sparsely or not expressed genes (Güell et al, 2009 ). Furthermore, many findings from growth curve experiments in defined medium (Yus et al, 2009 ) could be confirmed in silico. Nevertheless, also a few contradictions could be indentified when comparing growth and metabolite production in vivo and in silico. Those contradictions have been resolved in an iterative cycle between model simulations, their comparison to experimental findings, and the subsequent adjustment of the model.
Transport Reactions: In order to allow the in silico M. pneumoniae to grow, several transport reactions had to be added to the metabolic network published by Yus et al, 2009 . Since it has been shown that ABC transporters are the most prominent transport systems in different mycoplasma species (Nicolas et al, 2007) , we preferentially use ABC transporters for the import of sugars, amino acids, or other metabolites. Only when evidence for alternative transport systems exist those mechanisms, for example proton symport for the export of lactic and acidic acid, have been included in the model (table S1). ABC transport systems have been used for:
• orthophosphate (Pi) that is imported via the ptsA/ptsC-like ABC transport system composed ofMPN411 (ptsA) and MPN412 (ptsC),
• the import of all amino acids,
• phosphatidylcholine import.
Redox Balance: As a consequence of extensive evolutionary genome reduction, M.
pneumoniae lacks the TCA cycle and a functional respiratory chain (Yus et al, 2009; Himmelreich et al, 1996; Dandekar et al, 2000) . For ATP generation, it relies on glycolysis and subsequent low-energy gain fermentation reactions, producing lactic (Sakamoto et al, 1996) . pBLAST analysis allowed the reannotation of the M. pneumoniae NOX as the H 2 O producing isoform, based on both global sequence similarity and, more specifically on conservation of a characteristic FAD binding motif (figure S8, SI). Integrating this information into the model, i.e. changing reaction M017 accordingly ( figure 2B ), confirmed the central role for the NOX in maintaining the cellular redox balance in silico.
Base Requirements: Experimental results identified the nucleoside cytidine as essential and sufficient to synthesize all pyrimidine nucleotides (CTP, UTP, TTP) (Yus et al, 2009) . In contradiction to these findings but in agreement with literature data on other mycoplasma species (Pachkov et al, 2007; Finch & Mitchell, 1992) No significant similarity of the CTP synthases to any M. pneumoniae protein could be detected (Sequence Alginments). We therefore removed the corresponding reaction from the metabolic network ( figure 2C ), leading to congruent results from model predictions and experimental data (Yus et al, 2009 ). This deletion contradicts the assumptions of (Pachkov et al, 2007) who included the CTP synthase reaction in the metabolic network of M. pneumoniae as a putative activity based on experimental findings in other mycoplasmas (Finch & Mitchell, 1992) . As our experimental results could not prove uracil-sufficiency (Yus et al, 2009 ), we claim that M. pneumoniae differs from other mycoplasmas in pyrimidine metabolism in missing a CTP synthase.
It would be important to check back the genome annotations of other mycoplasmas in order to identify errors that have been made when assigning gene function based on sequence similarity.
Essentiality of Glycerol: M. pneumoniae requires glycerol for growth in defined medium (Yus et al, 2009 ). Yet, in silico growth simulations could not confirm this requirement. Glucose could be used for lipid production via conversion of DHAP into G3P even after removing one of the two reactions doing so. Therefore, alterations of the metabolic network were identified that would render glycerol essential for growth.
The only way to achieve this was setting the remaining reaction interconverting G3P
to DHAP irreversible (G3P − > DHAP), since this results in glucose being insufficient for lipid production. Thus, glycerol, G3P and fructose would be the only metabolites from which phosphatidic acid, the precursor of all lipids, can be synthesized.
Sequence analysis with pBLAST showed that M. pneumoniae has no classical glycerol 3-phosphate dehydrogenase but a glycerol 3-phosphate oxidase instead (Sequence Alignments). This oxidase is attached to the membrane and converts G3P
to DHAP by using O2 and producing H 2 O 2 (Hames et al, 2009 ) which is exported from the cell and probably plays a major role in M. pneumoniae pathogenicity (Cohen & Somerson, 1967; Hames, 2008) . However, in 13 C-tracer experiments it has been shown that glucose is converted into G3P although this conversion compared to the glycolysis flux is insignificantly slow (figure S2A). One could speculate that due to the export of toxic H 2 O 2 the substrate concentration for the backward reaction is not sufficient to produce G3P from DHAP in sufficient amounts for lipid synthesis.
Furthermore, in silico glycerol could be substituted by fructose under defined medium conditions, which was not possible in vivo (Yus et al, 2009 ). This possible substitution is achieved through the reaction that converts fructose-1-phosphate (F1P) into glyceraldehyde (GA), the precursor of glycerol, and DHAP catalyzed by fructose bisphosphate aldolase (aldolase, MPN025). But, in E. coli and Helix pomatia the aldolase has an affinity towards F1P of only 3.5% and 5%, respectively, of its affinity towards fructose bisphosphate (FBP) (Kochman et al, 1982; Szwergold et al, 1995) .
This could lead to a shift of the equilibrium constant from F1P to FBP and to an extremely limited incorporation of carbon into the lipid metabolism, thus explaining why glycerol in the defined medium cannot be substituted by fructose although the pathway exists in M. pneumoniae. In addition, it has been shown that glycerol plays a regulatory role in glucose up-take via the phosphorylation of the phosphocarrier protein HPr (MPN053) (Halbedel et al, 2006) . Since a constraint-based model cannot account for regulatory functions directly, we constrained the conversion of DHAP into G3P arbitrarily to 0.25 mmol*g −1 *h −1 .
Lipid Metabolism: We tried to shed light on the phospholipid branch, where only the two upstream enzymes of the supposed four catalyzing enzymes are known and both could be disrupted in M. genitalium (Glass et al, 2006) . For the corresponding genes in M. pneumoniae, namely mpn637 and mpn253, mRNA expression near the detection limit and changes in the expression levels along a four days batch culture growth experiment have been published (Güell et al, 2009 ). However, the respective proteins have not been detected (Maier et al, 2011 Accordingly, phosphatidic acid has been included in the biomass instead of cardiolipin.
Sequence Alignments. We used NCBI pBLAST (Altschul et al, 1997) to determine sequence similarity for different M. pneumoniae proteins to those of other organisms.
We used the nr-DB when searching for similarity to M. pneumoniae proteins and the M. pneumoniae proteome when using protein sequences from other organisms to check for similarities in M. pneumoniae. In case of significant hits (e-value < 1e-25) the alignment of the best hit is shown, in case of no significant hits the 5 first entries from the hit list are shown. (Drake et al, 1998) . In order to calculate the upper boundary for DNA maintenance costs we assumed a mutation rate of 0.05 for M. pneumoniae and find that DNA maintenance can only account for maximally about 0.01% of the total energy produced.
Chaperone-catalyzed protein folding costs: We integrated the abundances determined for the two M. pneumoniae chaperones (GroEL, a 14mer and DnaK) (Maier et al, 2011) with catalytic rates described for E. coli (Naylor & Hartl, 2001) . Assuming constant activity of all chaperones we calculated the upper boundary for the ATP consumption for protein folding.
Post-translational modification costs: 93 phosphorylation sites and 720 acetylation sites on 72 and 221 proteins, respectively, have been detected in M. pneumoniae in vivo (van Noort et al, 2012) . Integrating this information with the abundances of the respective proteins (Maier et al, 2011) , we calculated the upper boundary for posttranslational modifications. On one hand, we assumed that all phosphorylation and acetylation sites on all found proteins are modified once. This accounts for 0.01% of the total ATP expenses. Adding another 0.02% of the total ATP consumed at each time point to account for cyclic phosphorylation-dephosphorylation events (Shacter et , 1984) , we find that post-translational modifications account for 0.03% of the total energy. For lack of information about de-acetylation we did not consider them further.
ATPase costs: We determined the amount of ATPases per M. pneumoniae cell based on the abundance of the β-subunit (MPN598) of which three copies are contained in the ATPase core (Maier et al, 2011) . In thermophylic Bacillus the ATPase has been shown to hydrolyze 3 ATP per rotation (Watanabe et al, 2008 ) and a maximum catalytic rate of 130 rps has been reported (Wu et al, 2010) . We calculated the amount of ATP maximally used by the ATPase at each time point of batch culture growth assuming constant full occupancy at maximum catalytic rate (table S6) .
Curve Fittings.
Metabolite assay fittings:
We used KaleidaGraph 4.0 to fit sigmoidal curves to the in vivo data for glucose consumption, acetic acid production, lactic acid production and protein production ( figure S5) . The general equation for sigmoidal curves reads:
(eq. S1)
For glucose consumption this equation has been adapted to represent the inverted curve progression:
(eq. S2)
To describe the progression of maintenance costs (figure 3B) we fitted a polynomial function to the manually determined maintenance costs at different times of growth in order to calculate the respective constraints as exact as possible with the available data (despite that a linear fit also describes the data very well):
(eq. S3)
The variable values for each fitted curve can be found in table S8. The resulting curves allow to calculate constraints for 0 ≤ x ≤ 180 with x being the growth time of a four days batch culture in hours. Still, we recommend to not use the presented model with biomass production as single objective function for x ≤ 24 and x ≥ 60 since this is the determined exponential growth phase ( figure S5A ).
Assignment of In Vivo Protein Abundance Changes and In Silico Flux Changes.
When analyzing the flux changes during exponential growth phase we find that most of the qualitative flux changes (~51.3%) correlate with biomass production, i.e. from 24 hours to 36 hours the flux increases and from 36 hours to 48 hours to 60 hours the flux decreases. These flux changes can be explained due to the growth behavior of M.
pneumoniae observed in batch culture growth, which is characterized by a lag phase in the beginning, followed by an exponential growth phase and a growth halt at later growth stages ( figure S5A, Yus et al, 2009 ). The in vivo doubling times suggest that M. pneumoniae at 24 hours after inoculation, i.e. at the beginning of the exponential growth phase still does not grow at optimal rate under laboratory conditions.
In general, the description and analysis of a cellular subsystem in isolation holds the risk to miss important regulatory influences from the other subsystems of the cell. To obtain information about the relation between protein abundances and metabolic activity we integrated experimentally determined protein quantification data (Maier et al, 2011, unpublished results) with in silico flux predictions for different time points of batch culture growth. For 120 reactions catalyzed by a single enzyme for which abundance data was available we calculated the flux differences between 24 and 36 hours, between 36 and 48 hours, and between 48 and 60 hours (figure 5A) of in silico growth. Using protein abundances for 79 metabolic enzymes that on their own catalyze a metabolic reaction, we applied linear fitting to the experimentally determined abundances. A protein has been considered to change only if the overall change of the respective linear fit exceeds 25% of the initial protein abundance. We compared the qualitative trends of flux changes and protein abundance changes and found that they match in 86% of the cases (figure S6A). Analyzing these hits according to metabolic pathways revealed that except in amino acid metabolism, nucleotide metabolism, folate metabolism and pyruvate metabolism none of the protein abundance changes directly contradicts the predicted changes in metabolic fluxes ( figure S6B ). Interestingly, we found that in pyruvate metabolism one subunit of the pyruvate dehydrogenase increases significantly in abundance while all acetic acid producing reactions are predicted to be down-regulated in silico. Glycolysis and pyruvate metabolism enzymes belong to the most abundant proteins in M.
penumoniae (Maier et al, 2011) , thus suggesting not only high importance but also a smaller experimental error compared to enzymes that have low concentrations. In Gene Essentiality Prediction. We predicted gene essentiality by individually knocking out each metabolic gene in silico. Out of totally 145 genes coding for proteins assigned to metabolism, we included 131 in our essentiality prediction. We did not consider genes whose encoded proteins are involved in DNA degradation, chaperone-catalyzed protein folding and the ATPase complex since these functions have been included in the model but are not modeled explicitly, i.e. the corresponding reactions have not been constrained yet due to missing data on their exact contribution to energy consumption. To 114 metabolic genes we could assign a functional ortholog in M. genitalium (table S12). The other 17 genes are assumed to be not essential for growth due to their absence in M. genitalium and the high similarity of the metabolic networks of both organisms (Yus et al, 2009) .
Assuming further that genes coding for proteins that form part of a metabolic complex with at least one non-essential component are metabolically not essential if they do not catalyze other metabolic reactions independently, we initially obtained an overall prediction accuracy of 86.26% and a specificity of 97.62% when comparing our results to a genome-wide transposon study in M. genitalium (Glass et al, 2006) as sole criterion. Screening a M. pneumoniae transposon library allowed the confirmation of five predicted non-essential genes for which no mutant had been identified in M. genitalium ( figure S7) . Thus, the prediction accuracy could be raised to 91.6% and the specificity to 97.96%. Finally, taking into account the simulation conditions (rich pneumoniae are taken from (Yus et al, 2009 ) and the numbers for E. coli have been obtained from the bionumbers database (Milo et al, 2010) . The list of biophysical properties used and the calculation results can be seen in table S7. pneumoniae growth simulations is shown. Furthermore, the maintenance energy constraint (ATP in mmol*g -1 *h -1 ) has been fitted manually to allow reproduction of in vivo doubling times, both the minimal constraint for the maintenance energy reaction and the resulting doubling time are shown. Introducing the variables into the functions described in SI, Curve fittings, provides the fitting functions used to determine metabolic constraints for different time points of the exponential growth phase. showing variability > 0.00001 are highlighted in orange, reactions that can vary between no flux and flux in yellow. Pairs of genes with their respective pathway affiliations and the type of interaction when simulating double knock-outs in silico are shown (compare figure 8). (Glass et al, 2006) , their sequence, the ORF they have been used for, the PCR fragment, the transposon insertion site, and the percentage of the protein truncated by the insertion are listed.
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